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ONE METHCD OF RESTORATION OF
THE VALUE OF A CALIBRATION SIGNAL

N. N. Krupeni¢, V. A. Ladygin, N. Ya. Shapirovskaya

Telemetric systems with quantization of amplitude and time /3%
are usualiy empléyed-fbr the transmission of the information which
has been rececived in the course of remote measurements of physical
parameters using electrical methods. Quantization with respect to
amplitude is used for conversion of an analog output signal from
an instrument into digital form. Quantization with reapect fto
time arises from the need for transmitting a number of measured
parameters over a single communication channel. A specific

periodicity for information reception is thereby developed.

We shall discuss a case in which the periodicity of iInforma-
tion collection T is somewhat higher than the time constant of
the instrument t and much higher than the rate of variation of
the measured parameter g% . This relationship is satisfied in
a number of systems for remote measurement and is employed for
automatic averaging of measured parameters by means of a computer.
In this connection, the system develops a certain amount of
excessinformation but it is used for‘increasing the accuracy of

the experiment.

In order to carry out remote measurements (of temperature,
for example), the measuring device usually is subjected to
preliminary calibration to establish a relationship between the
output voltage of the instrument U and the measured parameter P.

However, this relationship can change with time for a number /Y

#¥Numbers in right-hand margin indicate pagination in foreign text.



of reasons. Therefore, in order tc Increase measurement accuracy,
calibration slgnals are fed Into the instrumént from standard or
reference points, If the characteristic of the instrument P = f(u)
is linear, two calibration points will be quité sufficient,'located
at the beginning and end of the instrument scale. (They com~
pletely characterize the "zero" position of the instrument and

the curvature of its characteristic curve.) Input of the calibra-
tion signals can be accomplished in various ways. In our Instru-
ment, we used calibration signal input systems with time division

of the calibration and measurement modes {(see Figure 1).

In the course of the experiment, there is a periodic
switching of the instruments from the measurement mode To the
calibration mode (Ucalj_and UCa12 ). One such arrangement is shown
in Figure 2., In our instrument, there was a downward shift of
the cutput characteristic of the instrument, causing & shift of
the first calibration level Ueal]. below the "zero" of the tele-
metry. The existence of a time constant for the instrument (T),
greater than the information reception period (T), causes the
development of a transitional process at the telemetry output
which is described by several points. Information on transiticnal

processes is employed by us for restoring the Ucal]. level.

Figure 2 shows ftwo forms of transitional processes:

First--discharge of a capacitor when the instrument is
switched from the measurement mode to the calibration mode I

(Ucall )

Second--discharge of a capacitor when switching the instrument
from calibration made 2 to the measurement mode. Both types
of transitional processes involve primarily the discharge of
the same capacitor 1In the output filter of the instrument, i.e.,
they obey the same law. The second type of transitional
process "calibration 2+~ measurement mode" is represented

completely in telemetwric notation, while in the firast form there are.



‘only a small number of initial points, inasmuch as the others lie:
below the level of "zero™ telemetry. The voltage value up to
whieh the discharge of the capacitor takes place in the first
type of transitional process js the desired value of the

calibration level (UCall ).

If we know the law of the variation of the transitional
process and several voltage values at the beginning of the process,

we can find U However, the law of the discharge of the

call’
capacitor of the output rilter is not purely exponential and
cannot be calibrated prior to measurements inasmuch as the parameters

with the capacitor can change with time.
We use the following method of calculating Ucall

£(t) (1)

Q Q

. + - )
final (Uinitial Ufinal)

Q
where U(t) is the true voltage at the moment of the discharge,
o]

1. U(t) = U

Ulnltlal is the voltage at which the discharge of the capaciltor
beglns (at a moment in time t = 0),
Ufinal is the voltage up to which the capacitor discharges.

A hypothesis has been put forward which holds that f(t) is
independent of the values Uflnal and Ulnltial For both /6
transitional processes, equation (1) can be rewritten as follows:

Q o o o o]

U(t) = Uog11 T (Umeas - Ucal].) £(t) for the first type

0 o] o] Q O

u(t) = Ueas * (Uca12 - Umeas) f{t) for the second type where
Umeas is the actual voltage corresponding to the physiecal

characteristic of the measured parameter (for example, for the

temperature).

5. We will show, using the example of the transitional
process of the second type, that the transitional process
corresponds to the suggested hypothesis. During the entlre perliod

of premote observations, we conducted six measurement sessions,



in eéch of which we measured five calibrations of the second type
(a total of 30 calibrations in all), making it possible to perform

a statistical analysis of this information.

Let us assume initially that quantization is absent and,
instead of a real telemetric signal, we have a function U(t)
obtained by superimposing the nolses of the telemetric system
E{t) on the actual voltage %(t): ,

o lla
U(t) = U(t) + £(t) (Ha)
Q
Umeas - Umeas + El(t) (4p)
0
Usal 2 = UYea1 2 + Boft) (4e)
We will dlso assume that for any two moments in time tl and t2
errors obtained by virtue of noises g(tl) and g(tg) are in-
dependent and have normal distribution with the same scatter
052. Let us establish the time t. We will examine the random
value
r(t) = ut) - Upeas (5)
Ucal 2 ~ Umeas
Here, f(t} is distributed almost normally with a mathematical AT

o 2
expectation f£(t) and dispersion o

G Ll AT "

(Ugal 2 * Umeas)

Formula (6) was obtained from the following considerations:

P(t) = F(E) + n D



Following a number of transformations from equations (2), (3),
(4) (5) we will have

f(t) L -f)dE ﬂélfb - (8)

Ucal 2- Umeas

i

wherecﬁ’anytwo:reallzatloHSU(t) and ﬁf%) of the transitional
process, the correspondlng difference (f(t) - f t)) is normally

2 2
distributed with a scattercﬁ + . Therefore with a probabilility

n
P > 0.997, the following evaluation is wvalid:

1f8) - < s v o

(9)

. o
inasmuch as f(t) and F(E) are independent and f(t) is gﬁgependent
of the realization of the transitional process[f{t) = f(t)].

The telemetric voltage 1s obtained as a result of the rounded-
off values U(t) up to similar whole values. Therefore, by
replacing U(t)} by the telemetric voltage, we will make the error
to be no more than one-half of a telemetric unit (TME). Con-
sequently, if at a moment in time t the condition Ucal]. - Umeas >>
>>1TME5J3fulfilled, in formula (5) we can disregard the influence
of the telemetry error and calculate the wvalue f?t). Then
inequality (9) will make it possible to check Ehe correctness of
the hypothesis for the second type of transitional process and

to calculate the permissible values of U for the first type

call
of transitional process. Let us rewrite inequality (9) in the

inverted form:

| (o~ FB| £ 3642 zﬂﬂ) 2R 42286 IR /

2 Umeas)2 (Ucar 2- Umeas)

(17)

i



Tn order to be sure of the correctness of inequality (10), /8

o]
we must knowo, and f£(t).

£
In the ordinary telemetric system, the value O 1is equal to

0.5 TME. 1In our case, it was possible to specify ¢ further
experimentally. Using the service information channel of the
instfument, we transmitted the values of calibration constant
voltages. Each voltage value was repeated 20 times in the course
of one cycle. There was a total of 30 cycles, The changes which
were observed in the output of the telemetry at the level of
each calibration voltage are determined only by the errors in
gquantization and the noises in the system g . Processing of the
data from the recording of the values of the calibration voltages

yielded Ty equal to or less than one~third.

The value of %(t) is determined as follows. Using all of
the available realizations of the transitional process of the
second type, formula (5) was used to determine %(l), £(2), £(3),
for moments in time separated from the beginning of the transitional
process {t = 0), by t = 1T, 2T, 3T. For all the reallzations,
the average values f(1), f(2),-fz§7 were calculated and the non-

mixed estimates of the scatter

_ & ;j[tg'—j( Z*

QEQQ ‘ (11)
where N is the number of-realizations.
As a result of calculatlons using formulas 5 and 11, we
obtaln the following: ‘
£(1) = 0.598 "@f(l) = 580.107° Ie(ry = 0.0225 /9
£(2) = 0.351 D (2 = 417,107 0p(py = 0.020



asmuch as Uf(t) 'was calculated from the conditions of maximum
scatter, we can consider that 1ts value determines the total scatter
o o
f(t)., Then the desired wvalue f(t) for the corresponding moments

in time will lie in the following intervals:

T(1) = 0.598+0.023
T(2) = 0.351+0.020
T(3) = 0.205+0.024 (12)

Let us analyze inequality (10). The left-hand part of the in-
equality is determined on the basis of (5), and the right-hand
side by the substitution of the calculated values %(t) and o
for various realizations at corresponding moments in time. As a
result of the calculation we find that the inequality 1is pre-

served for all existing realizations.

Hence, it has been shown that the suggested hypothesis 1is
valid for all avallable realizations of total transitions of

second type processes.

IIT. The level Ucal]_ is determined on the basils of a known
form and the initial points of the transitional process. De-
termination of the desired level 1s carried out using the selection

method.

From the rough determinations of the level of Ucal]_ with

application of the data from laboratory calibrations, we know that

Ucal]_ lies within the limlits =-7%te =17 TME. If we substitute
into formula (5) the values of Usa11 = ~7s -8 ... =17 TME,
we can calculate £(1), f(2), f£{3). . The valueS(ifUcal 1 at /10

which the value f(t) falls into the corresponding interval (12(:



0.575 < f(1} < 0.621
0.331 <« f(2) < 0.371
0.181 <« f£(3) < 0D.229

1s the desired value. Examples ¢f the results of these cal-
culations of the wvalue of Ucaljl are listed in the table below.

TME U

qumoer of o Yealn ca11 ME - AUp  THE-

1 -1l0to -12 -11 +1

2 -10to ~12 -11 +1

3 - 9to =11 -10 T4+l
Y -10to =12 ~-10.5 +0.5
5 - 9to -11 -10 +1

6 - 9to ~11 -10 +1

7 - 9t0 -11 -10 41

8 - 9¢o -11 -10 ' il

g -10to =12 -11 +1
10 -11 -11 0

Averaging over all of the calibrations (30), Ucall

will be egual to Ucal]_ = =10 + 1 [TME].

Hence, this method of restoration of the level of +11
calibration gives an accuracy which is clese to that of the

measurement of the telemetric system.



Fig. 1. Block diagram of the instrument; a--sensor; b--calibra-
tion electrical signal Ucal]_; ¢c==switch; d--calibration electrical

signal UcalZ 5 e——electronic block; f--to telemetry system,.



Pig. 2. Shape of the signal at the output of the instrument and
telemetry system.

1. Signal at the cutput of the instrument

2. saignal at the output of the telemetry

a_'vmeas(vinitial); b-~first type of transitional process; C"Uéa12

(Uinitial); d-—-second type of transitional process; e-—deas (Vfinal)

f_Ucalj_(Ufinal)5 B=Upeass N™Uga1 23 i_'-Umea.s.



